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Figure S1. Temperature profiles for the furnace with set temperatures of 400, 450, 500 and 550 °C.
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Figure S2. (a) Picture of empty test chip with the two membrane setups; (b) Picture of the SnS film
deposited by AACVD on the membrane area of the test chip covered by mask; (c) Schematic cross-
sectional view of the membrane setup for in-plane thermal conductivity measurement on the test chip

used in this work.

A hot wire is used as a heater by applying a current. The resistivity of the wire changes with the increase
of temperature, which is detected and measured. The thermal conductivity of the thin film on the test
chip can be calculated from the resistivity change and the knowledge of the exact geometries of the

setup.!-2
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Figure S3. Convergence of the total energy of bulk orthorhombic SnS with respect to (a) the plane-wave

cutoff and (b) k-point sampling.
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Figure S4. Calculated Seebeck coefficients for bulk orthorhombic SnS as a function of temperature

obtained with (a) different k-point sampling grids and (b) different /pfac.
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Figure SS5. SEM micrographs, cross-sectional images and composition in terms of Sn:S ratio for
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different regions of the SnS films deposited at a set temperature of 450 °C using a flow rate of 150

cm3-min’!. Deposition temperatures and distance from inlet tube are shown above the figure.

Table S1. EDX quantification results and Sn:S ratios for SnS film regions deposited at temperatures of

355 °Cto 423 °C.

o Atomic%
Deposition Sn-S
temperature (°C) Sn 3 ’
355 53.3 46.7 1.14
380 53.3 46.7 1.14
397 53.2 46.8 1.14
412 52.9 47.1 1.12
423 53.1 46.9 1.13
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Figure S6. (a) XRD patterns for SnS films deposited at temperatures of 355 °C to 412 °C; (b) shows a

magnified region from (a).

Table S2. Lattice parameters, cell volumes and refinement factors for SnS film regions deposited at

different temperatures by Rietveld refinement (based on data in Figure S5).

.\ Lattice parameters (A) Cell
Deposition
temperature (°C) Volume Ry,  GOF
peratu a b c (A%
355 4.3283(3) 11.1972(7)  3.9874(3) 193.25(2) 6.15 1.36
380 4.3202(4) 11.2075(12)  3.9906(4) 193.22(3) 642 1.43
397 4.3143(4) 11.2032(13) 3.9945(4) 193.07(3) 7.16 1.68
412 4.3046(3) 11.2115(11) 3.9988(3) 192.99(3) 742 1.83

The degree of preferred orientation of selected films was evaluated in terms of the Lotgering factor (LF)

using XRD data and equation (S1).3
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YI(1k1) Xl (1k1)

STtk PO= Stk 2.1 is the sum of the peak intensities of standard data, and )./ is the

where p =

sum of the intensities of the measured data. LF'= 0 corresponds to random orientation, and LF = 1

corresponds to perfect texture along a preferred growth direction.

Table S3. Lotgering Factors for SnS film regions prepared with different deposition temperatures (based

on data in Figure S5)

Deposition Preferred Lotgering
temperature (°C) orientation factor (£10%)
355 (040) 0.092
380 (1k1) 0.103
397 (1k1) 0.149
412 (1k1) 0.171

S7



0.01 4

Electrical conductivity (S-cm™)

1E-3

T T T T
355(5¢m) 380(6¢cm) 397(7cm)  412(8cm)

Actual deposition temperature (°C) and
corresponding distance from the inlet

Figure S7. Room-temperature electrical conductivity for the SnS film regions as a function of
deposition temperature. Distances from the tube furnace inlet are shown in brackets (see Figure S4).

Uncertainty represent 1%, and are comparable in size with data points.
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Figure S8. XRD patterns for SnS films deposited at a set temperature of 450 °C using different solution
concentrations and flow rates; for flow rates of 150 cm?® min’! the deposition temperature was 380 °C; for

flow rates of 300 cm? min! the deposition temperature was 442 °C.
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Table S4. Refined lattice parameters and cell volume for SnS films deposited at a set temperature of

450 °C using different solution concentrations and flow rates by Rietveld refinement. For flow rates of

150 cm?® min™! the deposition temperature was 380 °C; for flow rates of 300 cm? min! the deposition

temperature was 442 °C.

Flow rate Solution Lattice parameters (A) Cell
(cm3-min’!) concentration Volume Ry, GOF
(mol-L") a b c (A3%)
150 0.02 43093(9) 11223(3) 3.9993(10) 19341(8) 1326 2.82
150 0.04 43041(4) 11.2097(11) 3.9986(3) 192.92(3) 7.11  1.76
150 0.06 43167(4) 11.2061(18) 3.9897(4) 193.004) 11.85 2.35
300 0.04 43052(5) 11.2125(13) 3.9959(4) 192.894) 7.90 1.71
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Table SS. Lotgering Factors for SnS films deposited at a set temperature of 450 °C using different
solution concentrations and flow rates. For flow rates of 150 cm? min-! the deposition temperature was

380 °C; for flow rates of 300 cm?® min-! the deposition temperature was 442 °C.

Flow rate Solution concentration Preferred Lotgering factor
(cm?-min!) (mol-L1) orientation (£10%)
150 0.02 (1k1) 0.064
150 0.04 (1k1) 0.149
150 0.06 (1k1) 0.467
300 0.04 (1k1) 0.197
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Figure S9. SEM micrographs and cross-sectional images for SnS films deposited at 380 °C using a flow
rate of 150 cm3-min-'and solution concentrations of 0.02 mol-L!: (a) (¢), 0.04 mol-L"! (b) (), and 0.06
mol-L! (¢) (g), and SnS films deposited at 442 °C using a flow rate of 300 cm?-min’! and a solution

concentration of 0.04 mol-L-! (d) (h).
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Table S6. EDX quantification results and Sn:S ratios for SnS films deposited at 380 °C using a flow rate
of 150 ¢cm?-minand solution concentrations of 0.02 mol-L-!, 0.04 mol-L-!, and 0.06 mol-L-!, and SnS

films deposited at 442 °C using a flow rate of 300 cm?-min! and a solution concentration of 0.04 mol-L-!.

1~0
Flow rate Solution concentration Atomic%
(cm3-min’) (mol-L) Sn:S
Sn S

150 0.02 53.4 46.6 1.14
150 0.04 533 46.7 1.14
150 0.06 52.9 471 1.12
300 0.04 53.2 46.8 1.14
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Figure S10. Room temperature electrical conductivity for SnS films deposited at a set temperature of
450 °C using different solution concentrations and flow rates. Uncertainty bars represent 1% and are

comparable in size with the data points.

Table S7. EDX quantification results and Sn:S ratios for SnS films deposited using a flow rate of 150
cm?-min-! and a solution concentration of 0.04 mol-L! at temperatures of 375 °C, 397 °C, 418 °C and 445

°C.

100
Deposition temperature Atomic% Sn:S
375 52.9 47.2 112
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397 53.2 46.9 1.13
418 52.9 47.1 1.12

445 52.7 47.3 1.11
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condition for more than a year
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Figure S11. XRD patterns obtained immediately after deposition and after exposure to the ambient

condition more than a year for the SnS film deposited at 445 °C.
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Figure S12. XRD patterns for the unannealed SnS films prepared at 445 °C and the SnS film prepared at

445 °C and annealed at 445 °C for 2 hours.

Figure S13. (a) SEM micrograph and (b) cross-sectional image for the annealed SnS film.

Table S8. The electrical conductivities for the unannealed and annealed SnS films.

Samples Thickness (um)  Electrical conductivity (S-cm!)
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SnS film prepared at 445 °C 6.5 0.19

SnS film prepared at 445 °C

annealed at 445 °C for 2 hours 6.8 0.57

Figure S14. (a) — (c) HRTEM images of twin boundaries (yellow dash lines) for SnS film deposited at

445 °C.
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Figure S15. The temperature dependence of (a) Seebeck coefficients (), (b) electrical conductivity (o),

and (c) power factor (PF) for SnS films deposited at 445 °C in heating and cooling cycles.
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Figure S16. Comparison of the power factor (PF) for SnS as a function of temperature calculated in this

work with experimental data reported for bulk SnS.+7
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Figure S17. (a) SEM micrographs and cross sectional image for the SnS film deposited on the chip with
Si3N4 membrane; the thickness of the SnS film is ~12.3 um. (b) The temperature dependence of thermal

conductivity for SnS film deposited at 445 °C; the measurement was repeated 3 times.
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